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Effects of dopamine on canine intrarenal blood flow
distribution during hemorrhage
RICHARD E. NEIBERGER and JOHN C. PASSMORE
DepartmentofPhysiology andBiophysics, University of Louisville School of Medicine, Louisville, Kentucky
Effects of dopamine on canine intrarenal blood flow distribution
during hemorrhage. Renal blood flow distribution was measured
in control dogs, dogs given dopamine, hemorrhaged dogs, and
dogs hemorrhaged plus infused with dopamine with a modifica-
tion of 8Kr washout. Kidneys injected with through a renal
arterial cannula were removed at several specific intervals after
injection, rapidly frozen, and sectioned transversely so that
pieces of tissue could be isolated and counted for radioactivity.
In the normotensive animals, dopamine appeared to produce a
mild vasodilatory effect in the subcortical outer medulla (flow
increased 50%). Hemorrhage reduced renal regional flow
throughout the kidneys. Subcortical outer medullary flow, how-
ever, appeared to be proportionately better maintained than
were the more peripheral renal regions, so that all regions had
similar flows. Hemorrhaged animals receiving dopamine infusion
had statistically significantly higher cortical blood flows than did
the animals simply hemorrhaged. From this study, it is impos-
sible to determine if the cortical vasodilation during hemorrhage
was a direct or indirect effect on the renal vasculature; however,
improved perfusion of the renal cortex during hypotension may
partially explain the improved renal function reportedly pro-
duced by dopamine infusion in patients in shock.
Effect de Ia dopamine sur Ia distribution intrarénale du debit
sanguin au cours de l'hémorragie chez le chien. La distribution
du debit sanguin renal a Cté mesurée chez des chiens contróles,
des chiens recevant de Ia dopamine, des chiens soumis a une
hemorragie, et des chiens soumis a une hemorragie et perfuses
avec de Ia dopamine, au moyen d'une technique utilisant une
modification du lavage du 85Kr. Les reins injectés avec 8Kr au
moyen d'une canule artérielle rénale ont été prélevés a dif-
fCrents intervalles après l'injection, rapidement congeléles et
coupes transversalement de sorte que des morceaux de tissu ont
pu étre isolés et leur radioactivité comptée. Chez les animaux
avec une pression artCrielle normale Ia dopamine parait produire
un effet vasodilatateur modéré dans Ia médullaire externe sous-
corticale (augmentation du debit de 50%). L'hémorragie réduit
les debits régionaux dans les reins. Cependant Ic debit de Ia me-
dullaire externe sous-corticale parait proportionnellement mieux
maintenu que celui des regions plus péripheriques de telle sorte
que toutes les regions ont des debits similaires. Les animaux he-
morragiques qui recoivent de la dopamine ont des debits corti-
caux significativement supérieurs a ceux des animaux seulement
hémorraigiques. Ii est impossible, a partir de cette étude, de de-
terminer si Ia vasodilatation corticale au cours de l'hemorragie est
un effet direct ou indirect sur le système vasculaire renal.
L'amelioration de la perfusion du cortex renal au cours de
l'hypotension peut, cependant, expliquer partiellement
l'amélioration de la fonction rénale qui a été attribuée a
I'administration de dopamine chez des malades en état de choc.
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The pharmacology of dopamine has been investi-
gated extensively, and evidence has been accumu-
lated supporting its action on specific regional circu-
lations and vascular receptors [1, 2]. Eble [3] re-
ported that i.v. administration of dopamine caused
vasoconstriction in some vascular beds (carotid and
femoral) but produced vasodilation in others (supe-
rior mesenteric, renal, and celiac). McNay and
Goldberg [2] reported that intraarterial injection of
dopamine had a vasodilator effect on the blood ves-
sels of the hindlimb and kidney. Gifford et al [1],
studying the changes in regional blood flows in-
duced by dopamine and isoproterenol during exper-
imental hemorrhagic shock, reported that dopamine
produced selective renal vasodilation, whereas
isoproterenol caused a more generalized systemic
vasodilation. Yeh, McNay, and Goldberg [4] dem-
onstrated that haloperidol, a putative dopamine
blocking agent, attenuates the vasodilating actions
of dopamine in renal vascular beds. Hardaker and
Wechsler [51 studied the effect of i.v. and intra-
arterial infusion of dopamine on the distribution of
intracortical blood flow in kidneys of normotensive
anesthetized dogs. They reported that tissue per-
fusion rates in both the outer and inner renal cortex
increased but the inner cortical increased more than
the outer cortical did, thus producing a relative re-
distribution of renal blood flow from the outer two
thirds to the inner one third of the renal cortex. The
beneficial effects of dopamine in animals in shock
may be related, in part, to these renal vasodilatory
effects; however, no present study exists describing
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the effects of dopamine infusion on intrarenal blood
flow distribution during hemorrhagic hypotension.
Shanbour et al [61 reported that the combination of
dopamine with phenoxybenzamine and dextran
markedly improved renal hemodynamics of dogs in
endotoxic shock.
Additional reported [7, 8] benefits of dopamine in
shock include: increases in cardiac output and
blood pressure, and lack of peripheral pooling.
These effects could also account for improved renal
blood flow and urine production. In the present ex-
periment we have studied the effects of dopamine
on flow through specific vascular beds during con-
trol conditions and also during hemorrhage in which
the blood pressure was kept constant at 70 mm Hg.
Our technique [9] measures blood flow through
the outer cortical, inner cortical, and subcortical
outer medullary renal vascular beds. Therefore, we
are able to demonstrate that the reportedly im-
proved [1-3] renal blood flow is distributed dif-
ferently in control than during hemorrhage condi-
tions.
Methods
Animal preparation. Experiments were per-
formed on four groups of adult mongrel dogs weigh-
ing 13 to 33 kg. All dogs were anesthetized with
morphine (5 mg/kg of body wt) and pentobarbital
(20 mg/kg of body wt). The dogs were fasted 12 to
24 hours but were given water ad lib before the ex-
periment.
The right femoral artery was cannulated with a
metal y-tube for measurement of blood pressure
and later hemorrhage. The left femoral vein was
cannulated, and a 0.9% sodium chloride infusion
was started at a rate of 0.033 mI/kg of body wt per
mm.
A left flank incision was made caudal to the rib
cage to expose the perirenal area. A curved 25-
gauge needle, attached to a polyethylene catheter,
was inserted into the lumen of the renal artery for
85Kr injection. A cord was loosely placed around
the renal artery and vein. Following surgical prep-
aration, the wound was closed to prevent drying,
and the dogs were allowed a stabilization period of
at least 20 mm.
Each dog was placed into one of four groups.
Group I (8 dogs) continued to receive a 0.9% so-
dium chloride infusion at the rate of 0.033 mu
kg•min. Group 11(12 dogs) was given dopamine (In-
tropin®, Arnar Stone Laboratories) in a saline in-
fusion at a rate of 6 g/kg.min. The concentration of
dopamine in saline was adjusted so that the saline
infusion rate was the same as that in group I. Group
III (11 dogs) received the same volume saline in-
fusion as group I did, but were rapidly hemorrhaged
to 70 mm Hg and were allowed to stabilize at this
pressure. The bottle into which the dogs were hem-
orrhaged was open-topped and adjusted to a height
above the dog adequate to maintain a pressure of 70
mm Hg throughout the experiment. Group IV (10
dogs) received a dopamine in saline infusion like
group II, but were hemorrhaged as in group III.
Thirty minutes following hemorrhage or approxi-
mately 1 hour following surgery, 1.0 mCi of 85Kr
(dissolved in saline) was injected via the renal arte-
rial catheter. This injection was followed by a 0.5-
ml saline flush. Injection and flush were timed and
consistently took 5 sec. The renal artery and vein
were quickly tied with the cord which was pre-
viously placed loosely around the renal artery and
vein. The renal pedicle was tied at specific times
following the beginning of 85Kr injection. Kidneys
were excised and immediately frozen in a bath of
dry ice and acetone.
Samples of isotope were counted to determine
the exact injected dose in counts per minute. At the
end of each experiment, the kidney was weighed to
determine the exact dOse of isotope injected per
gram of kidney tissue. For the disappearance over
time to reflect only washout, it is necessary to nor-
malize the injected dose of radioactivity entering
the renal artery and the respective renal zones. The
injected radioactivity in counts per milligram of a
standardized kidney was divided by the dose per
milligram of each kidney used in this study. The ra-
dioactivity (cpmlmg) of each individual tissue piece
was multiplied by this correction factor to normal-
ize variations in injected dose and kidney sizes.
Tissue preparation. Each frozen kidney was
sliced midhorizontally with a band saw to produce a
fan-shaped slab of tissue 5 mm in width. Each slab
was cut into basic anatomical regions, as described
in Fig. 1. These regions were: outer cortex, inner
cortex plus outer stripe of the outer zone of medulla
(medullary rays), and the subcortical outer medul-
lary zone. This is the region of the red medulla adja-
cent to the inner cortex. No attempt was made to
measure flow in inner medullary regions. The tissue
pieces were dipped frequently into the dry ice and
acetone solution to keep them frozen, weighed on a
Roller-Smith balance, placed in a test tube on ice,
and covered with melted paraffin to prevent isotope
escape from the tissue.
Initially, to determine if radioactivity diffused out
of the frozen tissue, we dissected six kidneys and
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Fig. 1. Photograph of plastic injected and frozen kidney slabs, illustrating anatomical sections used in this study. OC is outer cortex,
IC is inner cortex, and MOZ is medullary outer zone.
the pieces counted for gamma emission (562 50
key) by placing the kidney pieces on dry ice in test
tubes. The radioactivity levels averaged 75 (sEM)
3 cpm. These pieces were then placed back into the
dry ice and acetone solution and left for 12 hours.
When recounted on dry ice, the radioactivity levels
were well within the expected Poisson frequency
function. Next, the pieces were removed from the
tubes with dry ice and placed in test tubes with
melted paraffin. When the paraffin hardened, the
tubes were recounted and found to have no demon-
strable radioactivity loss (74 4 cpm). The tubes
were then stored for approximately 24 hours at
room temperature. When recounted, the radio-
activity loss was less than 3%. We have done stud-
ies similar to the above with 13Xe. Since '33Xe has a
shorter half-life than 85Kr does (5.25 days vs. 10.4
yr), we have done a larger number of pieces of tissue
(23 pieces). The expected radioactivity after time is
calculated from the radioactivity decay equation.
Then, the expected counts can be compared to the
observed counts for the dry ice and acetone stor-
age, the imbedding procedure, and the paraffin stor-
age periods. The correlation coefficient of observed
vs. expected (cpmlmg) for all three of these inter-
vals was greater than 0.998.
The corrected activity (cpmlmg) for each piece of
renal tissue was graphed on the ordinate of a semi-
logarithmic scale with time (after 85Kr injection) on
the abscissa. A line was statistically fitted to the
data for each described tissue type. Equations of
the form A = A0e_It were found to have the highest
Pearson r correlation for representing this line. This
is the standard equation used to describe the wash-
out of radioactive inert gas from a vascular bed [101.
Flow per volume in each intrarenal region can be
estimated as follows: Flow (mlIg.min) = K1isg [101.
The partition coefficient between blood and tissue
for krypton (A) is approximately 1.0. K is the slope,
and sg is the specific gravity of blood assumed to be
1. K = (ln A11A2)It'12, where t'/2 is the time required
for the radioactivity disappearance to reach one half
its original level [9, 11—151.
A Pearson r coefficient was used to determine the
correlation between the ln of the radioactivity (cpm!
g) of the tissue and time after injection. The P val-
ues reported for each individual line are a statistic
describing whether or not the slope of that line is
different from 0 (K 0). Standard errors were cal-
culated for each flow.
Washout curves. In 22 of the dogs, a preliminary
dose of 85Kr was injected via the renal arterial cath-
eter. A scintillation detector, placed on a stand
above the dog's side and aimed directly at the kid-
ney, detected the gamma emission from the kidney.
A ratemeter converted the signal from the scintilla-
tion detector to an electronic signal, which was re-
corded on the multichannel stripchart as a logarith-
mic output. The resulting washout curves were re-
solved into components by a previously described
Renal anatomic zones
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Table 1. Summary of resu1ts
Outer
cortex
Inner
cortex
Subcortical
outer
medulla Component I Component II
Control
Control and dopamine
Hemorrhage
Hemorrhage and dopamine
7.56
6.40
1.09"
2.68c
4.38
5.94
132b
2.38b.e
2.10
3.20"
1.04"
1.14
4.3 0.15
3.8 0.35
1.18 0.15
3.13 0.32
1.03 0.10
1.32 0.09
1.33 0.20
All values represent the flow determined for the tissue type or washout component in mhIgmifl SEM.
" Significantly different from control values.
Significantly different from hemorrhage values.
method [11-151. Curves were recorded during con-
trol conditions during control plus dopamine in-
fusion, during hemorrhage, and hemorrhage plus
dopamine in dogs for each group. Since the freeze-
dissection data indicated that the disappearance of
radioactivity from cortical and subcortical outer
medullary tissue would be at least 80% complete in
2 mm, we ran the washout curves for approximately
15 mm. Components I and II result from the wash-
out from primarily these regions of the kidney. Only
components I and II are reported although the re-
maining components III and IV were used in the
subtraction process.
Any values described as different are significantly
different from each other, at least on the P < 0.05
level. A regression analysis was used to determine
significance of difference between the slopes of any
two lines.
Results
Tissue analysis. Eight pieces of tissue were taken
from each zone of each kidney. The mean of
these pieces were plotted on a semilogarithmic
scale. The slope of the fitted line was used to calcu-
late flow. Flow in outer cortical tissue for the group
of dogs receiving saline infusion only was 7.56 mu
gmin (Table 1, Fig. 2). That for the dogs given
dopamine was very similar (6.40 mlJg.min). Flow in
0.01
I
Fig. 2. Radioactivity levels for tissues from control dogs and dogs injised with 6 pg/kg mit dopamine (in saline). Each symbol represents
the mean SEM for eight pieces of tissue taken from each individual kidney removed at the indicated time interval. Ninety-five percent
confidence intervals have been sketched in for each line. The following statistics are for the consecutive lines:
Time, sec
1 3 4 5 6
FIow,mlIgnin = 7.56 6.40 4.38 5.94 2.10 3.20
SEMforfiow — 0.70 0.85 1.19 0.81 0.28 0.36
r < —0.98 —0.91 —0.96 —0.91 —0.92 —0.94
P — 0.001 0.001 0.001 0.001 0.001 0.001
Significance of difference = I vs. 2 (NS) 3 vs. 4 (NS) 5 vs. 6 (P < 0.05)
(regression analysis)
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the inner cortex plus medullary rays appeared to be
slightly less in the dogs receiving saline infusion on-
ly than it was in the dopamine group (4.38 vs. 5.94
mlIgmin). Flow in subcortical outer medulla was
less (P <0.05) (2.10 mI!gmin) for the saline infusion
group than it was for the dopamine infusion group
(3.2 ml!g'min).
In the group hemorrhaged sufficiently to reduce
systemic arterial pressure to approximately 70 mm
Hg, there was a lesser flow in all three intrarenal
regions than there was in the control dogs (Fig. 3,
I
0.1
10
0.1 -
10
0.1
20 40 60
Time, Sec
80 100
Table 1). Flow in the outer cortex was 1.09 ml!
gmin, which was significantly (P <0.001) less than
that for nonhemorrhaged dogs. Flow in the inner
cortex plus medullary rays was 1.32 mlJg.min,
which was significantly (P < 0.001) less than that
for nonhemorrhaged dogs (4.38 mlIgmin). Flow in
the subcortical outer medulla was 1.04 mLIgmin fol-
lowing hemorrhage, which was significantly (P <
0.05) different from nonhemorrhaged dogs (2.10 ml!
g'min). From the above data, it is apparent that flow
through outer cortex, inner cortex, and outer me-
dulla was not significantly different from each other
during hemorrhage (Fig. 3).
When comparing the dogs given saline infusion
and hemorrhaged with those given dopamine in sa-
line infusion during hemorrhage, we found that flow
through the outer and inner cortical regions was
much better maintained in the dopamine group (Fig.
3). The hemorrhage pressure and volume were es-
sentially the same (69 1 mm Hg vs. 69 1 mm Hg,
and 41 3 mt/kg vs. 39 3 ml kg) in both groups.
Flow in the outer cortex with hemorrhage alone
(1.09 mglg.min) was significantly (P < 0.01) less
than it was in the group with dopamine infusion dur-
ing hemorrhage (2.68 mUg'min). Flow in the inner
cortex was 1.32 mUg'min with hemorrhage, but it
was significantly (P < 0.05) greater (2.38 ml!gmin)
with dopamine infusion during hemorrhage. Flow in
the subcortical outer zone of medulla was essen-
tially the same for both groups (1.04 mlIg.min vs.
1.14 mlIg'min).
Washout curves. Washout curves were run pri-
marily for comparison of components to tissue
flows, and exact statistics were not performed.
Washout curves from eight control dogs exhibited
values of 4.3 0.15 and 1.03 0.10 ml!gmin for
components I and II respectively, whereas curves
Fig. 3. Radioactivity levels for tissues from hemorrhaged dogs
and hemorrhaged dogs infused with 6 j.tg/kg mm dopamine (in
saline). Each symbol represents the mean SEM for eight pieces
of tissue taken from each individual kidney removed at the in-
dicated time interval. Ninety-five percent confidence intervals
have been sketched in for each line. The following statistics are
for the consecutive lines:
1 2 3 4 5 6
Flow,ml/g'min = 1.09 2.68 1.32 2.38 1.04 1.14
;EMforfiow = 0.30 0.25 0.35 0.21 0.42 0.33
r =
—0.76 —0.97
—0.77 —0.97 —0.82 0.82
P < 0.01 0.001 0.01 0.001 0.001 0.01
significance = 1 vs. 2 (P < 0.01) 3 vs. 4 (P < 0.05) 5 vs. 6 (NS)
of difference
(regression analysis)
6
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from three control dogs given dopamine had 3.8
0.35 ml/g•min for component I. The dopamine in-
fused dogs had proportionately somewhat higher
values for component II (1.32 0.09 mllgmin)
(Table 1). Washout curves from four of five hemor-
rhaged dogs exhibited fusion of components I and II
(1.18 0.15 mllgmin) and agrees with the findings
from the freeze-dissection study that flow is similar
in all renal vascular components. The curves from
six dogs hemorrhaged but given dopamine did not
exhibit component fusion (3.13 0.32 mllgmin for
component land 1.33 0.2 mllgmin for component
II). These data are summarized in Table 1.
Discussion
The present study was undertaken to compare
renal blood flow distribution during control condi-
tions with that found during hemorrhage in the pres-
ence and absence of dopamine infusion. These ob-
jectives were accomplished with an inert gas freeze-
dissection technique [91.
Our data for cortical and medullary flow agree
very closely with that of Hope, Clausen, and Auk-
land [11] in which a diffusible indicator, freeze-dis-
section technique also was used. They used rats and
described flow in the subcortical outer medulla, the
extreme outer zone of reddish vascular medullary
tissue which we used from the dog. Bartha [121 us-
ing 86RbCO3 also measured similar flow values in
rats and reported that saline infusion caused in-
creased flow in this region. The saline infusion we
used may have slightly increased the outer medul-
lary flow in our studies. In a previous study [9], the
control cortical blood flow was somewhat lower
than it was here, but the methoxyfluorane anesthet-
ic used in that study has been reported to depress
cortical flow as well as systemic blood pressure
[131. The outer cortical flows measured in this study
and others [11, 141 seem to indicate that outer cor-
tical flow is greater than that of component I of ex-
ternally monitored washout studies [15—181. The
outer cortical flow rate, however, could be conceiv-
ably slightly higher than that of the whole cortex,
usually thought to be represented by component I.
Outer medullary flow rates in this study, as well as
those in the previous studies [9, 11], seem to agree
with flow in component II of externally monitored
washout studies [15—181.
Dopamine infusion in normotensive animals pro-
duced a marked increase in outer medullary blood
flow; however, cortical blood flow was little af-
fected by dopamine infusion. Using radioactive mi-
crospheres in normotensive dogs, Hardaker and
Wechsler [51 reported that dopamine increased in-
ner cortical blood flow more than it did outer corti-
cal. Our findings indicate that the primary in-
crease is in the subcortical outer medulla. Injected
microspheres are stopped by the glomerular capil-
laries, whereas 85Kr washes out from all capillary
beds of the kidney. Since inner cortical preglo-
merular blood flow measured with radioactive mi-
crospheres includes flow which perfuses the capil-
laries of the outer medulla, there is no lack of agree-
ment between our studies and theirs [51.
Hemorrhage caused marked decreases in flow
through both inner and outer cortex. Subcortical
outer medullary blood flow was also reduced, but
the magnitude of reduction was not as great as it
was for cortical flow. During hemorrhagic hypoten-
sion, all three intrarenal regions (outer and inner
cortex and outer medulla) had similar blood flow
rates. Thus, flow during hemorrhage in cortical and
medullary regions was approximately equivalent.
This equivalent flow ratio suggests that the cortical
flow, which had the greatest magnitude during con-
trol conditions, was reduced by the greatest propor-
tion. The similarity of blood flow in all three intra-
renal regions indicates that there is a greater degree
of vasoconstriction in the cortex.
During hemorrhage with dopamine infusion, flow
through both cortical regions was less than the con-
trol flow was, but it was much larger than was the
flow for the hemorrhage group not receiving dopa-
mine. Dopamine infusion during hemorrhage ap-
pears to cause vasodilation specifically in the cor-
tex. Both groups were held at a mean systemic arte-
rial pressure of 70 mm Hg, but the dopamine-
infused group had approximately 100% greater flow
in both cortical regions.
The exact mechanism for this cortical vasodila-
tion is unknown. Suggested mechanisms include
specific dopaminergic vasodilatory receptors in the
kidney vascular bed [4] and dopaminergic pre-
synaptic receptors that inhibit norepinephrine re-
lease [19, 201. Regardless of the mechanism in-
volved, the primary effect is an alteration of cortical
blood flow. The absence of vasodilation in this re-
gion in normotensive dogs given dopamine may be
due to very little vasoconstriction in the cortex dur-
ing control conditions.
There was a significant decrease in subcortical
outer medullary blood flow following hemorrhage.
This decrease was found in the presence or absence
of dopamine infusion. This finding suggests that the
control of flow through this area is different than
that of the cortex. Resistance in the outer medulla
has been reported to decrease during hemorrhage
[15-18], and perhaps dopamine administration
could yield no further decrease in resistance.
The freeze-dissection technique seems to be the-
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oretically sound and gives more information about
the intrarenal circulation than do either externally
monitored inert gas washout alone or radioactive
microsphere injection. The following points were
examined for theoretical verification of the tech-
nique: (I) We have normalized the injected dose of
85Kr (cprnlmg of kidney) to that of a standardized
kidney. Thus, the calculation of the quantity deliv-
ered to each zone is corrected for dose size and the
corrected disappearance is flow dependent. Since
the reference solution of 85Kr is drawn into a sy-
ringe and ejected into a tube for radioactivity count-
ing, the amount of radioactivity sticking to the sy-
ringe is similar to that for the syringe used for arteri-
al injection. Since injection and flush only took 5
sec, krypton did not remain in the syringe of plas-
tic tube for any appreciable length of time. (2) We
have done extensive studies with both 85Kr and
'33Xe to determine radioactivity loss during the
freezing and imbedding process. Kidneys and kid-
ney pieces left overnight in acetone and dry ice so-
lution showed no radioactivity loss when counted
12 to 24 hours later. Therefore, 5Kr apparently
does not diffuse through frozen tissue. Many pre-
vious studies in which autoradiographs were devel-
oped from frozen slabs also reveal specific bands of
radioactivity [10, 15, 171. (3) Tissue pieces also had
no appreciable radioactivity loss when counted be-
fore and after the paraffin imbedding or when
counted 24 hours after paraffin imbedding. (4) Each
symbol in the results is the mean SEM of eight
pieces of tissue taken from each kidney region and,
therefore, gives a better estimate of the renal radio-
activity of a particular zone than if fewer pieces
were taken. The high correlation coefficients sup-
port the estimation of zonular flow in this way.
The inner stripe of the outer medullary zone is an
area described as having a very dense capillary bed
with a great many branching and arborizing blood
vessels [21-241. The branching nature of the blood
vessels and the fact that the concentrations of all
osmotically active compounds in the outer medulla
are only slightly if any greater than that of plasma
indicates that countercurrent trapping of 85Kr is un-
likely [25—27]. Lassen and Longley [28] described
the kidney papilla as excluding 85Kr. The outer zone
of the medulla was not shown to exclude 55Kr. Our
studies support that finding since our outer medul-
lary tissue appeared to reach peak levels of radio-
activity before the 15 sec samples did, as did the
cortex. On the basis of the branching vessels and
the lack of exclusion, it seems likely that the dis-
appearance slopes reflect blood flow to this region.
The values of 4.3 and 1.03 ml1gmin, respectively,
for component I and II during control conditions
agree closely with data published in previous re-
ports in which 85Kr washout was used [10, 15-181.
The fact that externally monitored washout flow for
component I is less than the freeze-dissection anal-
ysis value for the outer cortex (7.6 mlIgmin) but
very close to inner cortical (4.4 ml/gmin), and
component II is slightly less than outer medullary
(2.1 mlJg.min) flow is, may indicate that recording
and analyzing washout curves reveals a slightly dif-
ferent combination of components than we chose
for dissection. That both cortical flows measured by
freeze-dissection tissues were relatively closer to
component-I flow, however, indicates that com-
ponent I may be recording primarily whole cortical
flow, as has previously been reported [9, 29]. After
dopamine administration, the component-Il flow
did appear to increase (1.03 0.1 vs. 1.32 0.09
ml/g.min). Component-I flow did not significantly
change following dopamine infusion (4.3 0.15 vs.
3.8 0.35 ml1gmin). This lack of change during
control conditions was also true for the freeze-dis-
section studies.
Four of five washout curves from dogs not given
dopamine had a single component during hemor-
rhage. The average value for all components of
these fused curves was 1.18 ml1gmin. This value is
similar to the values for flow rate through all three
intrarenal regions during hemorrhage. Components
I and II were present in the dogs given dopamine
while hemorrhaged. Cortical flows measured by
freeze-dissection are similar to component-I flow
from washout studies following hemorrhage and
dopamine infusion. Component-TI flow also agrees
well with outer medullary flow in this post-hemor-
rhage dopamine group.
In summary, during control conditions, dopamine
appears to cause specific vasodilation in the inner
cortical and outer medullary areas. During hemor-
rhage, dopamine produces vasodilation in the renal
cortex. This is shown by the marked increases in
flow in both cortical zones. These results may par-
tially explain the improved renal function attributed
to dopamine administration in patients following
shock [30].
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